tion of cortical bone, we proposed that stress relaxation of cortical bone could generally be 
77 where E 0 is the initial modulus value, E(0). 1 and  2 (  1 ) are characteristic times of the 78 relaxation processes, A is the fractional contribution of the fast relaxation to the whole relaxa-79 tion process, and  and  are parameters describing the shape of the relaxation modulus. It has 80 been revealed that the first term represents the relaxation in the collagen matrix in bone and 81 the second term is related to the change in a higher-order structure of bone that is responsible 82 for the anisotropic mechanical properties (Iyo et al., 2004) . It seems to be possible to relate 83 the viscoelastic properties and the hierarchical structure of bone by investigating these me-84 chanical parameters. The expected change in mechanical properties of bone due to the degra-85 dation of matrix proteins would be quantified by the parameters in eq. 1.
86
We performed stress relaxation experiments on bovine femoral cortical bone for its 
Materials and methods

96
Materials
97
The bone samples used in this study were obtained from the anterior area of the 98 mid-diaphysis of 18-month-old bovine femoral cortical bone. Optical microscopic examina-
99
tion showed that all of the samples were generally plexiform but partly transformed into Ha-100 versian bone. The samples were cut using a diamond saw. et al., 2009 ; Reddy and Enwemeka, 1996) . Details of the 109 specimens are listed in Table 1 . 
Results
131
Hydroxyproline assay 132 Figure 1 shows the weight ratio of collagen dissolved in the reactor solution against collagen 133 in bone, [Dcol] , as a function of reaction time.
[Dcol] was estimated from the hydroxylproline 134 concentration, [Hyp] , in the solution (Wynnyckyj et al., 2009 ; Reddy and Enwemeka, 1996) .
7
[Hyp] was determined by the hydroxylproline assay indicated above. 
141
After the KOH treatment, we found an increase in specimens' thickness, width, and shown. This figure shows that the Young's modulus values decreased with KOH treatment.
154
Moreover, significant changes were observed in the relaxation curves compared with that of 155 the controls. This indicates that KOH treatment affects not only the modulus value but also 156 the relaxation process itself. In order to evaluate the change more quantitatively, we fitted eq.
8 rameter values listed in Table II cates that for KOH treated bone specimens, an equation As shown in Figure 1 , the deviation of [Dcol] values of specimens treated for 3 and 6 hours 173 from that of untreated specimens was too small to be detected by the hydroxyproline assay. 
201
As the increase in specimen cross-sectional area can be clearly and reproducibly observed for 202 specimens treated with KOH even for only 3 hours, the value Figure 4 shows the q dependence of initial modulus value, E 0 . Young's modulus E(t) was es- network polymers, the characteristic feature of the stress relaxation is a relaxation originating 238 from segment motion among cross-link points followed by a gel plateau (Anseth et al., 1996) .
239
Stress relaxations observed for bone and KOH treated bones are considered to correspond to 240 the gel plateau region in gels and network polymers because the process changed with the 241 matrix protein degradation. Based on the analogy between bone structure and that of gels, this 242 relation, eq. 6, is reminiscent of the stress relaxation of natural rubber at high temperatures.
243
Natural rubber has a network structure that causes rubber elasticity. When incubated at more In bone stress relaxation, the most remarkable event observed for treated specimens could be cross-link density (Scholtens and Booij, 1980; Lee and McKenna, 1988; Thirion and Casset, 261 1970; Levelut et al., 1996; Heinrich and Vilgis, 1992; Liu et al., 2009; Curro and Pincus, 262 1998). The decrease in  can be explained as follows: with the decrease in crosslink density,
263
constraints on the molecular motion of network chains in rubber and polymers could decrease, ized collagen fibers as discussed above.
276
In our result for KOH treated bone specimens,  could be well-described by both an 277 exponential function and the power law relation of q, 
